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(57) ABSTRACT

A method for manufacturing a semiconductor device may
include the following steps: preparing a stacked structure;
processing the stacked structure to form a first gate structure
and a preliminary structure; forming a dielectric material
layer that covers at least the first gate structure; forming a
dielectric layer using the dielectric material layer, such that a
portion of the dielectric layer is positioned between the first
gate structure and the preliminary structure; performing an
annealing process on at least one of the dielectric material
layer and the dielectric layer; processing the preliminary
structure to form a second gate structure; and after the anneal-
ing process has been performed, forming a first metal silicide
member on the second gate structure and/or forming a second
metal silicide member on an active region associated with the
second gate structure.

20 Claims, 8 Drawing Sheets
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S201 Preparing a stacked structure, which may include a
semiconductor substrate, a floating-gate material layer, a control-
gate material layer, and a mask material layer.

|

S202 Processing (e.g., etching) the stacked structure to form a first
gate structure and a preliminary structure; and forming two sidewall
layers on two opposite sides of the first gate structure.

l

S203 Forming a dielectric material layer; and using the dielectric

material layer to form a dielectric layer for isolating the first gate

structure, wherein annealing is performed on at least one of the
dielectric material layer and the dielectric layer.

l

S204 Processing (e.g., etching) the preliminary structure to form a
second gate structure.

|

S205 Forming two sidewall layers on two opposite sides of the
second gate structure; and forming a metal silicide member on the
second gate structure and/or forming a metal silicide member on
an active region associated with the second gate structure.

FIG. 2
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SEMICONDUCTOR DEVICE, RELATED
MANUFACTURING METHOD, AND
RELATED ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and benefit of Chinese
Patent Application No. 201410220163.0, filed on 23 May
2014, the Chinese Patent Application being incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention is related to a semiconductor device,
amethod for manufacturing the semiconductor device, and an
electronic device that includes the semiconductor device.

In a process for manufacturing a semiconductor device,
such as a memory device, a dielectric layer may be formed for
insulating conductive elements, such as gate electrodes. For
optimizing one or more properties of the dielectric layer, an
annealing process may be performed. Nevertheless, the high
temperature of the annealing process may negatively affect
some elements, such as metal silicide elements, that have
been formed before the annealing process. As a result, the
quality of the semiconductor device may be unsatisfactory.

SUMMARY

An embodiment of the present invention may be related to
a method for manufacturing a semiconductor device, such as
a memory device. The method may include the following
steps: preparing a stacked structure; processing the stacked
structure to form a first gate structure and a preliminary struc-
ture; forming a dielectric material layer that may cover at least
the first gate structure (and the preliminary structure); form-
ing a dielectric layer using the dielectric material layer, such
that the first gate structure may be positioned between a first
dielectric portion of the dielectric layer and a second dielec-
tric portion of the dielectric layer, and such that the first
dielectric portion of the dielectric layer may be positioned
between the first gate structure and the preliminary structure;
performing an annealing process on at least one of the dielec-
tric material layer and the dielectric layer; processing the
preliminary structure to form a second gate structure; and
after the annealing process has been performed, performing at
least one of forming a first metal silicide member on the
second gate structure and forming a second metal silicide
member on an active region associated with the second gate
structure.

The stacked structure may include a semiconductor sub-
strate, a floating-gate material layer, a control-gate material
layer, and a mask material layer. The floating-gate material
layer may be positioned between the semiconductor substrate
and the control-gate material layer. The control-gate material
layer may be positioned between the floating-gate material
layer and the mask material layer.

The first gate structure may be positioned in a cell region of
the semiconductor device. The second gate structure may be
positioned in a peripheral region of the semiconductor device.
The cell region of the semiconductor device may be associ-
ated with a functional cell, such as a memory cell. The periph-
eral region of the semiconductor device may neighbor the cell
region of the semiconductor device. Two portions of the semi-
conductor substrate may respectively correspond to (and may
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be configured for respective formation of) the cell region of
the semiconductor device and the peripheral region of the
semiconductor device.

The method may include forming two sidewall layers on
two opposite sides of the first gate structure, such that the first
gate structure may be positioned between the two sidewall
layers. The dielectric material layer may be subsequently
formed and may cover the sidewall layers. The method may
include forming two lightly-doped drain regions in the sub-
strate at the two opposite sides of the first gate structure after
the sidewall layers have been formed. The method may
include forming a source region and a drain region in the
substrate at the two opposite sides of the first gate structure
after the sidewall layers have been formed.

The method may include forming two sidewall layers on
two opposite sides of the second gate structure after the
annealing process has been performed. The second metal
silicide member may directly contact one of the two sidewall
layers.

The dielectric material layer may be formed using at least
one of a high-aspect-ratio process, a spin coating process, and
a flowable chemical vapor deposition process.

An excess portion of the dielectric material layer that is
positioned higher than the first gate structure may be removed
for forming the dielectric layer after the annealing process has
been performed on the dielectric material layer. The excess
portion of the dielectric material layer may be removed using
at least one of a polishing process, e.g., a chemical-mechani-
cal polishing (CMP) process, and an etch-back process.

The method may include forming a source region and a
drain region in the substrate at two opposite sides of the
second gate structure. The second metal silicide member may
be formed on one of the source region and the drain region
after the annealing process has been performed.

The second metal silicide member may be formed after the
annealing process has been performed and may be positioned
between the second gate structure and the first dielectric
portion ofthe dielectric layer. The second metal silicide mem-
ber may directly contact the first dielectric portion of the
dielectric layer. A third metal silicide member may be formed
on one of the source region and the drain region associated
with the second gate structure after the annealing process has
been performed. The second gate structure may be positioned
between the third metal silicide member and the first dielec-
tric portion of the dielectric layer.

The preliminary structure may have fewer material layers
than the first gate structure. A height of the preliminary struc-
ture may be equal to a height of the first gate structure.

The second gate structure may be formed after the anneal-
ing process has been performed. The second gate structure
may have fewer material layers than the first gate structure. A
height of the second gate structure may be less than a height
of the first gate structure. The second gate structure may be
spaced from the first dielectric portion of the dielectric layer.

An embodiment of the present invention may be related to
a semiconductor device, such as a memory device, manufac-
tured using one or more of the aforementioned steps.

An embodiment of the present invention may be related to
an electronic device that includes an electronic component
and includes a semiconductor device. The semiconductor
device may be manufactured using one or more of the afore-
mentioned steps and may be electrically connected to the
electronic component.

According to embodiments of the invention, in a process
for manufacturing semiconductor devices, elements (e.g.,
metal silicide members) that are sensitive to or intolerant of
annealing process conditions may be formed after one or
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more necessary annealing processes have been performed
(and completed), such that the elements may not be nega-
tively affected by annealing processes. Therefore, the quality
of'the elements may be substantially maintained in the manu-
facturing process. Advantageously, satisfactory quality of the
semiconductor devices and a satisfactory yield of the manu-
facturing process may be substantially attained.

The above summary is related to some of many embodi-
ments of the invention disclosed herein and is not intended to
limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1A, F1G. 1B, FIG. 1C,FIG. 1D, FIG. 1E, FIG. 1F, and
FIG. 1G show schematic diagrams (e.g., schematic cross-
sectional views) that illustrate elements and/or structures
formed in a method for manufacturing a semiconductor
device in accordance with one or more embodiments of the
present invention.

FIG. 2 shows a flowchart that illustrates steps in a method
for manufacturing a semiconductor device in accordance
with one or more embodiments of the present invention.

DETAILED DESCRIPTION

Example embodiments of the present invention are
described with reference to the accompanying drawings. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Embodiments of the present invention may be practiced with-
out some or all of these specific details. Well known process
steps and/or structures may not have been described in detail
in order to not unnecessarily obscure the present invention.

The drawings and description are illustrative and not
restrictive. Like reference numerals may designate like (e.g.,
analogous or identical) elements in the specification. Repeti-
tion of description may be avoided.

The relative sizes and thicknesses of elements shown in the
drawings are for facilitate description and understanding,
without limiting the present invention. In the drawings, the
thicknesses of some layers, films, panels, regions, etc., may
be exaggerated for clarity.

Tlustrations of example embodiments in the figures may
represent idealized illustrations. Variations from the shapes
illustrated in the illustrations, as a result of, for example,
manufacturing techniques and/or tolerances, may be pos-
sible. Thus, the example embodiments should not be con-
strued as limited to the shapes or regions illustrated herein but
areto include deviations in the shapes. For example, an etched
region illustrated as a rectangle may have rounded or curved
features. The shapes and regions illustrated in the figures are
illustrative and should not limit the scope of the example
embodiments.

Although the terms “first”, “second”, etc. may be used
herein to describe various elements, these elements, should
not be limited by these terms. These terms may be used to
distinguish one element from another element. Thus, a first
element discussed below may be termed a second element
without departing from the teachings of the present invention.
The description of an element as a “first” element may not
require or imply the presence of a second element or other
elements. The terms “first”, “second”, etc. may also be used
herein to differentiate different categories or sets of elements.

For conciseness, the terms “first”, “second”, etc. may repre-
second-category (or sec-
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sent “first-category (or first-set)”,
ond-set)”, etc., respectively.
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If a first element (such as a layer, film, region, or substrate)
is referred to as being “on”, “neighboring”, “connected to”, or
“coupled with” a second element, then the first element can be
directly on, directly neighboring, directly connected to, or
directly coupled with the second element, or an intervening
element may also be present between the first element and the
second element. If a first element is referred to as being
“directly on”, “directly neighboring”, “directly connected
t0”, or “directed coupled with” a second element, then no
intended intervening element (except environmental ele-
ments such as air) may also be present between the first
element and the second element.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper”, and the like, may be used herein
for ease of description to describe one element or feature’s
spatial relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms may encompass different orientations of
the device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the term
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein should be interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to limit the
invention. As used herein, the singular forms, “a”, “an”, and
“the” may indicate plural forms as well, unless the context
clearly indicates otherwise. The terms “includes” and/or
“including”, when used in this specification, may specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but may not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups.

Unless otherwise defined, terms (including technical and
scientific terms) used herein have the same meanings as com-
monly understood by one of ordinary skill in the art related to
this invention. Terms, such as those defined in commonly
used dictionaries, should be interpreted as having meanings
that are consistent with their meanings in the context of the
relevant art and should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

The term “connect” may mean “electrically connect”. The
term “insulate” may mean “electrically insulate”. The term
“conductive” may mean “electrically conductive”.

Unless explicitly described to the contrary, the word “com-
prise” and variations such as “comprises”, “comprising”,
“include”, or “including” may imply the inclusion of stated
elements but not the exclusion of other elements.

Various embodiments, including methods and techniques,
are described in this disclosure. Embodiments of the inven-
tion may also cover an article of manufacture that includes a
non-transitory computer readable medium on which com-
puter-readable instructions for carrying out embodiments of
the inventive technique are stored. The computer readable
medium may include, for example, semiconductor, magnetic,
opto-magnetic, optical, or other forms of computer readable
medium for storing computer readable code. Further, the
invention may also cover apparatuses for practicing embodi-
ments of the invention. Such apparatus may include circuits,
dedicated and/or programmable, to carry out operations per-
taining to embodiments of the invention. Examples of such
apparatus include a general purpose computer and/or a dedi-
cated computing device when appropriately programmed and
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may include a combination of a computer/computing device
and dedicated/programmable hardware circuits (such as elec-
trical, mechanical, and/or optical circuits) adapted for the
various operations pertaining to embodiments of the inven-
tion.

FIG.1A, F1G. 1B, FIG. 1C,FIG. 1D, FIG. 1E, FIG. 1F, and
FIG. 1G show schematic diagrams (e.g., schematic cross-
sectional views) that illustrate elements and/or structures
formed in a method for manufacturing a semiconductor
device in accordance with one or more embodiments of the
present invention. FIG. 2 shows a flowchart that illustrates
steps in the method for manufacturing the semiconductor
device in accordance with one or more embodiments of the
present invention.

Referring to FIG. 2, the method may include steps S201,
S202, S203, S204, and S205.

Referring to FIG. 2 and FI1G. 1A, the step S201 may include
preparing a stacked structure.

The stacked structure may include a semiconductor sub-
strate 100, a floating-gate material layer 1010, a control-gate
material layer 1020, and a mask material layer 1030 (e.g., a
hard mask material layer). The floating-gate material layer
1010 may be positioned between the semiconductor substrate
100 and the control-gate material layer 1020. The control-
gate material layer 1020 may be positioned between the float-
ing-gate material layer 1010 and the mask material layer
1030.

The semiconductor structure 100 may be or may include
one or more of a silicon substrate, a silicon-on-insulator sub-
strate, etc. Two portions of the semiconductor substrate 100
may respectively correspond to (and may be configured for
respective formation of) a cell region of the semiconductor
device and a peripheral region of the semiconductor device.
The cell region of the semiconductor device may be associ-
ated with a functional cell, such as a memory cell, and may
include a control gate structure. The peripheral region of the
semiconductor device may neighbor the cell region of the
semiconductor device and may include a peripheral device,
such as a peripheral transistor.

The stacked structure may include one or more alternative
elements and/or one or more additional elements.

Referring to FIG. 2, FIG. 1A, and FIG. 1B, subsequent to
the step S201, the step S202 may include processing (e.g.,
etching) the stacked structure to form one or more first-type
gate structures 1021 and a preliminary structure 1022.

Afirst-type gate structure 1021 (or first gate structure 1021,
for conciseness) may be a control gate structure configured to
operate in a cell region of the semiconductor device. A first
gate structure 1021 may include a floating-gate layer 101
(which may be part of the floating-gate material layer 1010),
a control-gate layer 102 (which may be part of the control-
gate material layer 1020), and a mask layer 103 (which may
be part of the mask material layer 1030). The first gate struc-
ture 1021 may include one or more additional layers.

The preliminary structure 1022 may include a floating-gate
layer 1001 (which may be part of the floating-gate material
layer 1010), a control-gate layer 1002 (which may be part of
the control-gate material layer 1020), and a mask layer 1003
(which may be part of the mask material layer 1030).

The preliminary structure 1022 may have fewer material
layers than the first gate structure 1021. The height of the
preliminary structure 1022 (above the substrate 100) may be
equal to the height of the first gate structure 1021 (above the
substrate 100).

Referring to FIG. 2, FIG. 1B, and FIG. 1C, the step S202
may further include forming two sidewall layers 10211 on
two opposite sides ofa (or each) first gate structure 1021, such
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that the first gate structure 1021 may be positioned between
two sidewall layers 10211. The sidewall layers 10211 may be
formed of one or more of silicon oxide, silicon nitride, etc.

The method may include forming two lightly-doped drain
(LDD) regions in the semiconductor substrate 100 at the two
opposite sides of the first gate structure 1021 before the side-
wall layers 10211 are formed. The method may include form-
ing (e.g., through ion implantation) a source (S) region and a
drain (D) region in the semiconductor substrate 100 at the two
opposite sides of the first gate structure 1021 after the side-
wall layers 10211 have been formed.

Referring to FIG. 2, FIG. 1C, and FIG. 1D, subsequent to
the step S202, the step S203 may include forming a dielectric
material layer 1040 that may cover the first gate structures
1021 and may fill the gaps between the first gate structures
1021. The dielectric material layer 1040 may cover the side-
wall layers 10211. The dielectric material layer 1040 may
cover the preliminary structure 1022 and may fill a gap
between the preliminary structure 1022 and a first gate struc-
ture 1021.

The dielectric material layer 1040 may be formed of one or
more of silicon oxide, etc. The dielectric material layer 1040
may be formed using at least one of a high-aspect-ratio pro-
cess (HARP), a spin coating process (e.g., a spin-on glass or
SOG process), a flowable chemical vapor deposition (FCVD)
process, etc.

Referring to FIG. 2, FIG. 1D, and FIG. 1E, the step S203
may include removing an excess portion of the dielectric
material layer 1040 that is positioned higher than the first gate
structure 1021 for forming a dielectric layer 104. The excess
portion of the dielectric material layer 1040 may be removed
using one or more of a polishing process (e.g., a chemical-
mechanical polishing or CMP process), an etch-back process,
etc. A first gate structure 1021 may be positioned between and
may directly contact a first dielectric portion 1041 of the
dielectric layer 104 and a second dielectric portion 1042 of
the dielectric layer 104. The first dielectric portion 1041 of the
dielectric layer 104 may be positioned between, may directly
contact, and may insulate the first gate structure 1021 and the
preliminary structure 1022. The second dielectric portion
1042 of the dielectric layer 104 may be positioned between,
may directly contact, and may insulate two first gate struc-
tures 1021.

For optimizing the performance and/or one or more prop-
erties of the dielectric layer 104, the step S203 may include
performing an annealing process on at least one of the dielec-
tric material layer 1040 and the dielectric layer 104. In an
embodiment, an annealing process may be performed on the
dielectric material layer 1040 before the formation of the
dielectric layer 104, and no annealing process may be per-
formed after the dielectric layer 104 has been formed, such
that optimized properties of the dielectric layer 104 may not
be substantially changed.

Elements formed before the annealing process, such as
elements in one or more of the first gate structures 1021, the
sidewall layers 10211, and the preliminary structure 1022
may be substantially tolerant of the annealing process. The
quality of the elements may be substantially maintained
through the annealing process. The annealing process may
have minimum or substantially no negative effects on ele-
ments (e.g., metal silicide members) that are formed subse-
quent to the annealing process.

Referring to FIG. 2, FIG. 1E, and FIG. 1F, subsequent to
the step S203, the step S204 may include processing (e.g.,
etching) the preliminary structure 1022 to form a second gate
structure 1122. The second gate structure 1122 may be spaced
from the first dielectric portion 1041 of the dielectric layer
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104. The second gate structure 1122 may be a peripheral gate
structure configured to operate as a part of a peripheral tran-
sistor in a peripheral region of the semiconductor device. The
second gate structure 1122 may be formed after the annealing
process (for optimizing the dielectric layer 104) has been
performed (and completed); therefore, the second gate struc-
ture 1122 may not be substantially negatively affected by the
annealing process.

The second gate structure 1122 may include a floating-gate
layer 1101 (which may be part of the floating-gate layer 1001)
and a control-gate layer 1102 (which may be part of the
control-gate layer 1002). The second gate structure 1122 may
have fewer material layers than the first gate structure 1021. A
height of the second gate structure 1122 may be less than a
height of the first gate structure 1021.

Referring to FIG. 2, FIG. 1F, and FIG. 1G, subsequent to
the step S204, the step S205 may include forming two side-
wall layers 10221 on two opposite sides of the second gate
structure 1122. The sidewall layers 10221 may be formed of
one or more of silicon oxide, silicon nitride, etc.

The step S205 may include forming one or more active
regions in the peripheral region, which may include a source
region and a drain region formed in the semiconductor sub-
strate 100 at the two opposite sides of the second gate struc-
ture 1122.

Subsequent to the formation of the active region(s), the step
S205 may include forming one or more of a metal silicide
member 10222, a metal silicide member 10223, and a metal
silicide member 10223 in the peripheral region. The one or
more metal silicide members may be formed of one or more
of nickel silicide, etc.

The metal silicide member 10222 may be formed on the
second gate structure 1122.

The metal silicide member 10223 may be formed on an
active region, e.g., one of the source region and drain region
associated with the second gate structure 1122. The metal
silicide member 10223 may directly contact one of the two
sidewall layers 10221. The metal silicide member 10223 may
be positioned between the second gate structure 1122 and the
first dielectric portion 1041 of the dielectric layer 104. The
metal silicide member 10223 may directly contact the first
dielectric portion 1041 of the dielectric layer 104.

The metal silicide member 10224 may be formed on
another active region, e.g., the other one of the source region
and drain region associated with the second gate structure
1122. The second gate structure 1122 may be positioned
between the metal silicide member 10224 and the first dielec-
tric portion 1041 of the dielectric layer 104.

The metal silicide member(s) may be formed have the
aforementioned annealing process has been performed (and
completed). Therefore, the metal silicide member(s) may not
be negatively affected by the annealing process, and the qual-
ity of the metal silicide member(s) may be substantially main-
tained. Advantageously, satisfactory quality of the semicon-
ductor device may be substantially ensured.

An embodiment of the present invention may be related to
a semiconductor device, such as a memory device, manufac-
tured using one or more of the aforementioned steps. The
memory device may be, for example, electron tunnel oxide
flash memory device or a NOR flash memory device.

An embodiment of the present invention may be related to
an electronic device that includes an electronic component
and includes a semiconductor device. The semiconductor
device may be manufactured using one or more of the afore-
mentioned steps and may be electrically connected to the
electronic component.
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In an embodiment, the electronic device may be or may
include one or more of a mobile phone, a tablet computer, a
notebook computer, a netbook, a game console, a television,
a video compact disc (VCD) player, a digital video disc
(DVD) player, a navigation device, a camera, a camcorder, a
voice recorder, an MP3 player, an MP4 player, a portable
game device, etc.

In an embodiment, the electronic device may be or may
include an intermediate product (e.g., a mobile phone main
board) or module including a semiconductor device that may
have one or more of the features and advantages discussed
above.

According to embodiments of the invention, in a process
for manufacturing semiconductor devices, elements (e.g.,
metal silicide members) that are sensitive to or intolerant of
annealing process conditions may be formed after one or
more necessary annealing processes have been performed
(and completed), such that the elements may not be nega-
tively affected by annealing processes. Therefore, the quality
of'the elements may be substantially maintained in the manu-
facturing process. Advantageously, satisfactory quality of the
semiconductor devices and a satisfactory yield of the manu-
facturing process may be substantially attained.

While this invention has been described in terms of several
embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this invention. It
should also be noted that there are many alternative ways of
implementing the methods and apparatuses of the present
invention. Furthermore, embodiments of the present inven-
tion may find utility in other applications. The abstract section
is provided herein for convenience and, due to word count
limitation, is accordingly written for reading convenience and
should not be employed to limit the scope of the claims. It is
therefore intended that the following appended claims be
interpreted as including all such alterations, permutations,
and equivalents as fall within the true spirit and scope of the
present invention.

What is claimed is:

1. A method for manufacturing a semiconductor device, the
method comprising:

preparing a stacked structure;

processing the stacked structure to form a first gate struc-

ture and a preliminary structure;

forming a dielectric material layer that covers at least the

first gate structure;

forming a dielectric layer using the dielectric material

layer, such that a portion of the dielectric layer is posi-
tioned between the first gate structure and the prelimi-
nary structure,

performing an annealing process on at least one of the

dielectric material layer and the dielectric layer to opti-
mize a property of the dielectric layer;

after the annealing process has been performed, processing

the preliminary structure to form a second gate structure;
and

after the second gate structure has been formed, perform-

ing no annealing process that can change the property of
the dielectric layer on any elements of the semiconduc-
tor device, and performing at least one of forming a first
metal silicide member on the second gate structure and
forming a second metal silicide member on an active
region associated with the second gate structure.

2. The method of claim 1, wherein the stacked structure
includes a semiconductor substrate, a floating-gate material
layer, a control-gate material layer, and a mask material layer,
wherein the floating-gate material layer is positioned between
the semiconductor substrate and the control-gate material
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layer, and wherein the control-gate material layer is posi-
tioned between the floating-gate material layer and the mask
material layer.

3. The method of claim 1, wherein the first gate structure is
positioned in a cell region of the semiconductor device, and
wherein the second gate structure is positioned in a peripheral
region of the semiconductor device.

4. The method of claim 1, further comprising: forming two
sidewall layers on two opposite sides of the first gate struc-
ture, such that the first gate structure is positioned between the
two sidewall layers, wherein the dielectric material layer is
subsequently formed and covers the sidewall layers.

5. The method of claim 4, further comprising: after the
sidewall layers have been formed, forming two lightly-doped
drain regions at the two opposite sides of the first gate struc-
ture.

6. The method of claim 4, further comprising: after the
sidewall layers have been formed, forming a source region
and a drain region at the two opposite sides of the first gate
structure.

7. The method of claim 1, further comprising: forming two
sidewall layers on two opposite sides of the second gate
structure after the annealing process has been performed.

8. The method of claim 7, wherein the second metal silicide
member contacts one of the two sidewall layers.

9. The method of claim 1, wherein the dielectric material
layer is formed using at least one of a high-aspect-ratio pro-
cess, a spin coating process, and a flowable chemical vapor
deposition process.

10. The method of claim 1, wherein an excess portion of the
dielectric material layer that is positioned higher than the first
gate structure is removed for forming the dielectric layer after
the annealing process has been performed on the dielectric
material layer.

11. The method of claim 10, wherein the excess portion of
the dielectric material layer is removed using at least one of a
polishing process and an etch-back process.

12. The method of claim 1, further comprising: forming a
source region and a drain region at two opposite sides of the
second gate structure, wherein the second metal silicide
member is formed on one of the source region and the drain
region after the annealing process has been performed.
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13. The method of claim 1, wherein the second metal
silicide member is formed after the annealing process has
been performed and is positioned between the second gate
structure and the portion of the dielectric layer.

14. The method of claim 1, wherein the second metal
silicide member is formed after the annealing process has
been performed, and wherein the second gate structure is
positioned between the second metal silicide member and the
portion of the dielectric layer.

15. The method of claim 1, wherein the preliminary struc-
ture has fewer material layers than the first gate structure.

16. The method of claim 15, wherein a height of the pre-
liminary structure is equal to a height of the first gate struc-
ture.

17. The method of claim 1, wherein the second gate struc-
ture is formed after the annealing process has been per-
formed.

18. The method of claim 1, wherein the second gate struc-
ture has fewer material layers than the first gate structure.

19. The method of claim 1, wherein the second gate struc-
ture is spaced from the portion of the dielectric layer.

20. A method for manufacturing a semiconductor device,
the method comprising:

preparing a stacked structure;

processing the stacked structure to form a first gate struc-

ture and a preliminary structure;

forming a dielectric material layer that covers at least the

first gate structure;

forming a dielectric layer using the dielectric material

layer, such that a portion of the dielectric layer is posi-
tioned between the first gate structure and the prelimi-
nary structure,

performing an annealing process on at least one of the

dielectric material layer and the dielectric layer;
processing the preliminary structure to form a second gate
structure; and

after the annealing process has been performed, forming a

metal silicide member on an active region associated
with the second gate structure, wherein the metal silicide
member directly contacts the portion of the dielectric
layer.



